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SUMMARY 
The present methods available fo r  the determination of the 
magnitudes of the vibrational relaxation times of molecules a r e  
discussed and the recently developed theory of Schwartz, Slawsky, 
and Herzfeld is  used to compute the variation with temperature of 
the collisional vibrational excitation probabilities of mixtures of 
NZ and 02, and of H2 and HF. The results a r e  used to estimate 
the extent of vibrational temperature lag in the hydrogen-fluorine 
rocket motor. 
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I. INTRODUCTION 
The internal energy, E, of a gas may be written, approxi- 
mately, a s  the sum of energies of translation, rotation, vibration, 
and electronic motion. That is to say, we write that 
where T,Vw ,Tv, and re represent, respectively, the absolute temp- 
eratures associated with the translational, rotational, vibrational, 
and electronic energy states. Under some conditions these energy 
states will be in equilibrium such that T=7\,=T,=TI . If, in the flow 
of a gas, temperature changes occur at rates sufficiently high to ex- 
ceed the time required for these internal energy states to readjust 
themselves, the gas will depart from its equilibrium partition of 
energy. 
The te rm "vibrational relaxation time" has come into use as 
a measure of the time required to establish equilibrium with respect 
to the internal vibrations of the molecules. The other internal states 
adjust themselves so rapidly that we can usually neglect their relaxa - 
tion times. The vibrational relaxation time, ?' , i s  defined by the 
relation 
Working fluids such as steam, a i r ,  and exhaust gases have 
considerable vibrational heat capacity a t  high temperatures. If these 
gases have relaxation times comparable with or shorter than the in- 
tervals during which temperature changes occur in the gas, losses 
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must be expected. Fo r  turbine working fluids, ~an t rowi tz ( ' '  est i-  
mates that in some cases the losses a t  high temperatures due to this 
adjustment lag can be comparable with the losses due to skin f r ic-  
tion. Unfortunately, there exists a scarci ty of data on the magni- 
tudes of the relaxation times of most gases and, without these values 
being known at  various temperature levels, their effects cannot be 
analyzed. 
Various experimental methods have been devised to measure 
relaxation times of gases. Of these, only the two discussed here 
have been used with any degree of success. A third method involv- 
ing a shock tube has been proposed, but has a s  yet not actually been 
used. 
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11. EXPERIMENTAL METHODS 
The sound velocity method can be adapted for the determina- 
tion of the relaxation times of gases up to temperatures of the order 
of 2 3 0 0 ~ ~ .  The two essentials a r e  (a )  the production of sound waves 
of a definite frequency and (b) the accurate measurement of temper- 
ature. 
The apparatus, originated by consists essentially 
of a carbon tube which can be heated to a high temperature and in  
which a stationary train of sound waves can be se t  up f rom a quartz 
crystal vibrating piezo-electrically. A piston traverses the tube. 
The position of the piston is  read on an accurately graduated steel  
rule. This piston functions a s  a reflector to se t  up a standing wave 
system in the tube. The amplitude of vibration of the crystal changes 
a s  the reflector i s  moved along the tube. Resonance i s  detected by 
observing the magnitude of the plate current  of the oscillator which 
maintains the quartz crystal in vibration. The half wave -length i s  
determined by recording the different positions of the reflector a t  
which resonance occurs. The temperature of the gas in the tube is 
measured by sighting an optical pyrometer of the "disappearing fila- 
ment" type on to the face of the movable reflector. An electric fur-  
nace surrounds the carbon tube so  that the temperature may be ad- 
justed to higher levels. Figure 1 shows the general layout of the ap- 
paratus. 
The velocity of sound, V,  in the gas is computed f rom the 
measured half -wave length in the tube and f rom the known frequency 
of vibration of the crystal. The ratio of specific heats is given by 
the formula, 
where M i s  the molecular weight, R i s  the gas constant, and T is 
the absolute temperature. The correction necessary to the above 
formula for departure from the perfect gas laws i s  negligible, since 
a t  the temperatures involved most gases a r e  essentially perfect 
gases. F r o m  the observed data, an apparent ratio of specific heats, 
which we may call y ', is computed f rom Eq. (3 ) .  Also from the 
relations hip, 
an apparent specific heat a t  constant volume, C:, can be obtained. 
The crystal used for the production of sound waves, if cut 
properly, can be made to vibrate in either the flexural mode or  the 
longitudinal mode by suitable electronic circuitry. The two f r e  - 
quencies produced may vary by as  much as  20,000 cps or  more. 
~ The apparent specific heat obtained a t  each of these frequencies 
may differ considerably. ~ n e s e r ( ~ )  has put forth the following ex- 
planation for this phenomenon. As a sound wave of a given frequency 
passes through a gas, a part  of the vibrational energy fails to follow 
the acoustic cycle, and the gas departs from its equilibrium condi- 
tion. In fact, a part  of the vibrational energy vanishes from the 
expression for the adiabatic elasticity, thus giving an increased 
























